There is a growing interest in the effects of biologically active compounds isolated from plants in the treatment of diseases caused by microorganisms [1, 2] . New aspects of the photochemistry and photobiology of natural products have been reviewed [3, 4] . Many drugs act as photosensitizers in cells by interacting with various cellular components such as lipids, proteins, and nucleic acids. The structural modifications of the cellular components may occur by direct interactions with drugs in excited states or indirectly through reactive oxygen species sensitized by the drugs themselves [5] .
The use of different modalities of ultraviolet (UV)-A phototherapy is an interesting approach in the treatment of connective tissue diseases and related disorders [6] .
An increasing number of natural products from plants have been shown to exhibit light-mediated biological activity against viruses, microorganisms, cells, and insects [7] . Although there is a great amount of published data regarding the antimicrobial properties of medicinal plants, there is little information on light-activated biological activities from this natural resource, which could represent an interesting source of photosentizers [8, 9] .
The species Croton campestris is a shrub that is endemic to Brazil, and which is utilized in popular medicine where it is used to combat various diseases [10] . Ocimum gratissimum L. is an aromatic sub shrub from Asia and Africa [11] . The essential oil from the leaves of this species has shown antimicrobial activity against various microorganisms [11] [12] [13] . The species of the genus Cordia are found in all tropical and subtropical regions [14] . The crude extract of the aerial part is utilized by indigenous people against inflammatory processes with topical use [14] .
Many medicinal plants contain substances that can evoke adverse reactions, requiring a rigorous control of the quality of cultivation, collection of the plants, extraction of their constituents, and up to the preparation of the final medication [15] . Focusing on the concept of photochemistry and photochemotherapy, we examined here three potentially useful Brazilian medicinal plants and found that their extracts have light-mediated antimicrobial activities.
In this study, we investigated light-enhanced antibiotic activity in natural products with antibacterial activities from plants used medicinally in Brazil. We tested hexane extracts of Croton campestris A., Ocimum gratissimum L. and Cordia verbenaceae DC as sources of photocompounds.
Materials and methods

Bacterial strains
The bacterial strains used were E. coli (ATCC 8538) and S. aureus (ATCC 6538). All strains were maintained on heart infusion agar slants (HIA, Difco Laboratories. Lawrence, USA) and prior to assay, the cells were grown overnight at 37°C in brain heart infusion (BHI, Difco Laboratories, Lawrence, USA)
Plant material
Leaves of Croton campestris, Ocimum gratissimum L., and Cordia verbenaceae DC. were collected in the county of Crato, Ceará State, Brazil. The plant material was identified and a voucher specimen was deposited with the respective identification numbers indicated in Table 1 .
Preparation of hexane extract of Croton campestris (HECC), Ocimum gratissimum (HEOG) and Cordia verbenaceae (HECV)
Amounts of 31.2 g, 58.82 g, and 31.4 g of leaves from C. campestris, O. Gratissimum, and C. verbenacea, respectively, were dried at room temperature, and powdered. The material was extracted by maceration using one liter of hexane as solvent at room temperature. The homogenate was allowed to stand for 72 hours at room temperature. The extracts were filtered and concentrated under vacuum in a rotary evaporator (model Q-344B-Quimis, Brazil) using a warm-water bath (model Q-214M2 -Quimis, Brazil). The plant material yielded 1.74, 2.49, and 1.74 g of extract, respectively. For the tests, the dry extract material was dissolved in DMSO (10 mg/mL).
Drugs
8-MOP was obtained from Sigma Chemical (St. Louis, USA), and dissolved in sterile water. Disks with norfloxacin were obtained from Laborclin, Brazil.
Antibacterial assays
Assays were performed according to the technique by Lopez et al. [4] . As positive controls, a disk of norfloxacin was used as a standard antibiotic for bacteria with photoactivated properties. 8-Methoxypsoralen (8-MOP, 10 mg/mL) in water was utilized as a positive control requiring light for activation. Twenty microliters of each extract were added to blank disks. These disks were placed on the surface of the medium inoculated with bacteria by the spread plate method. To monitor for light-activated antimicrobial activities, two replicate experiments were carried out. One replicate plate was exposed to UV light (5 W/m 2 , 320-400 nm from four Sylvania F20T12-BLB lamps, maximum emission at 350 nm) for two hours, while the other was kept in the dark. The plates were incubated at 37 ο C overnight. The inhibition zones were determined using a pachymeter and recorded. 
Results and discussion
A substantial light-enhanced antibiotic activity was seen with the three extracts against the S. aureus strain but not against the E. coli strain. HEOG and HECV were the extracts that showed the highest photoactivated activity, where bacterial activity mediated by UV-A was increased 140% and 100%, respectively. No extract was activated against the Gram-negative strain ( Table 2 ). The weak antibacterial activity against Gram-negative bacteria demonstrated in Table 2 is ascribed to the presence of an outer membrane with polysaccharide chains serving as barriers to active compounds in the essential oil [16] .
Different concentrations of phototoxic compounds in each extract could explain the different results. Many plant substances when exposed to UV or visible light exhibit phototoxicity, where they are referred to as phototoxins or photosensitizers [17] . A large variety of plants and fungi of various families possess phototoxic substances, possibly serving as natural defense agents against insects and nematodes or against predation or herbivory [7, [18] [19] [20] [21] . This activity is due to an indirect effect through the production either of free radicals, or with furocumarins, which interact with DNA [22] .
Norfloxacin is a broad-spectrum antibiotic of the fluoroquinolone group, used for the treatment of Grampositive and Gram-negative bacterial infections. This antibiotic is phototoxic as demonstrated in our assay [23] . The antibiotic activity was enhanced mainly against E. coli (134.5%), possibly due the capacity of this antibiotic to interact and photoreact with systems of medium polarity and proticity such as the membrane systems of Gram-negative bacteria [24] .
Besides the enhancement of the light-mediated activity of the extracts, these activities were lower than that observed with 8-MOP ( Table 2) . However, these results indicate the phototoxic potential of these extracts and highlight the necessity of more studies to evaluate the possible applications of these natural products in phototherapy. This work is the first report of a light-enhanced antibiotic effect of natural products from C. campestris, O. gratissimum and C. verbenaceae. No substance with this property has been isolated from these extracts, which indicates the need for more studies on the phototoxic activity of the compounds from these plant extracts.
Compounds such as polyenes, thiophenes, thiarubrines, quinones, alkaloids, furochromones and porphyrins are widely distributed in various botanical families, such as Asteraceae, Hypericaceae, Apocynaceae, Papaveraceae, Rubiaceae, Liliaceae, Rutaceae, Moraceae, Apiaceae, Euphorbiaceae, Lamiaceae, and Boraginaceae, among others [7] . Some compounds with phototoxic activity have already been shown to have biological activity when photoactivated. Hypericin and hypocrelin, isolated from Hypericum perforatum and Hypocrella bambuase, respectively, have shown anti-HIV and antitumor activity [7] , while various studies have demonstrated antibacterial activity with UV light activation [19, 21] .
In conclusion, the present results demonstrate that light can be utilized to enhance the antimicrobial activity of phytoconstituents present in hexane extracts of the species C. campestris, O. gratissimum, and C. verbenaceae. Further phytochemical investigations are warranted to determine if these plants could serve as a source of natural medicine with photoactivity.
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